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Borderline Hypertension and Obesity:
Two Prehypertensive States with Elevated Cardiac Output SUMMARY Systemic, renal and splanchnic hemodynamics, intravascular volume, circulating catecholamine levels and plasma renin activity were compared in 39 patients with borderline hypertension and 28 normotensive subjects, who were less than 5% (n = 42, lean patients) or more than 40% overweight (n = 25, obese patients). Lean borderline hypertensive patients had greater cardiac output (p < 0.05), heart rate (p < 0.01) and renal blood flow (p < 0.05); cardiopulmonary redistribution of intravascular volume (p < 0.05); and higher circulating norepinephrine levels (p < 0.05). Obese normotensive subjects also showed an increased cardiac output (p < 0.005), stroke volume (p < 0.01), left ventricular stroke work (p < 0.05), and renal blood flow (p < 0.05) (but not respective indexes), but intravascular volume was expanded (p < 0.05) without redistribution and circulating catecholamine levels were normal. Obese borderline hypertensive patients had hemodynamic characteristics similar to those of obese normotensive subjects except for an increased peripheral resistance (p < 0.05). The data indicate that although both populations have an increased cardiac output, the lean borderline hypertensive patients have signs of enhanced adrenergic activity as evidenced by higher circulating catecholamine levels and heart rate with blood volume translocation to the cardiopulmonary circulation. In contrast, the obese subjects (whether normotensive or borderline hypertensive), who also have increased cardiac output, seem to have normal adrenergic activity and an expanded intravascular volume without cardiopulmonary redistribution.
YOUNG PATIENTS with borderline blood pressure values are at least three times more likely to develop established essential hypertension as age-matched normotensive subjects.'1 2 Elevated resting cardiac output and heart rate have been identified as predictors for the development of essential hypertension into a state with more persistently elevated arterial pressure and periph-ceptor blockade, and cardiac vagal control is reduced in patients with borderline hypertension,4 a net increased adrenergic activity has been postulated.5
Obese normotensive persons are also at a greater risk of developing hypertension than comparable lean subjects.6 7 Cardiac output also has been reported to be elevated in obese patients,8-10 possibly because of increased metabolic requirements. Since both borderline hypertension and obesity are associated with a hyperdynamic circulation and tend to progress toward established hypertension, we compared systemic and renal hemodynamics, fluid volume-state, and certain humoral factors in these two groups to further characterize the underlying pressor mechanisms.
Materials and Methods
Sixty-seven subjects (39 borderline hypertensive and 28 normotensive) were included in this study. Each subject was evaluated clinically to exclude secondary forms of hypertension. I' Most had never been treated and in those few who had, antihypertensive drugs had been discontinued at least 4 weeks before the study. No patient was older than 50 years of age, and none had electrocardiographic or radiographic evidence of left ventricular hypertrophy, hypertensive retinopathy or renal involvement. Each subject was informed of the nature of the study and provided written consent. Procedures had been approved by our institutional Clinical Investigation Committee.
Patients were considered to have borderline hypertension if, in the outpatient department, their diastolic pressures at times exceeded but at other times were lower than 90 mm Hg. Hemodynamic assessment was performed as previously reported." Briefly, cardiac output was determined in triplicate after overnight fasting using indocyanine green dye. Renal and splanchnic blood flow were determined concomitantly by the single injection of 13 1 -iodine para-aminohippuric acid and indocyanine green, respectively. Plasma volume and red cell mass were measured using 125-iodinated human serum albumin and 51-chromium-labeled red cells, respectively. Circulating norepinephrine, epinephrine and dopamine were determined by radioenzymatic assay.'2 Plasma renin activity was measured by radioimmunoassay. 3 Blood for these determinations was drawn during the hemodynamic study, when the patient had been recumbent for at least 1 hour after the insertion of the catheters.
Patients were categorized according to their body weight using the Metropolitan Life Insurance Company desirable weight tables.'4 They were said to be lean if body weight was less than 5% over ideal weight and obese if body weight exceeded 40% of ideal weight (table 1). Because adiposity influences intravascular and fluid volumes,'5 16 lasma and total blood volume were expressed both in terms of body height and body weight. Statistical comparison was done by a two-way analysis of variance and a test of simple effects between various groups.'7 Linear regression analysis was performed between the values of various hemodynamic and intravascular volume measurements. 17 
Results

Lean Borderline Hypertensive Patients
Compared with normotensive subjects of similar body weight, lean patients with borderline hypertension had higher cardiac output, renal blood flow (and the respective indexes), heart rate and left ventricular stroke work; ho'wever, stroke volume and total peripheral resistance were similar ( fig. 1, table 2 ). Intravascular volume was slightly contracted and the ratio of central blood volume to the total circulating blood volume (CBV/TBV) was increased, indicating a translocation of the total circulating volume to the cardiopulmonary area (table 3) . Circulating norepinephrine levels were higher. Epinephrine and dopamine levels and plasma renin activity were not significantly different ( fig. 2, table 4 ).
Obese Normotensive Subjects
Compared with lean normotensive subjects, the obese normotensive patients had a higher cardiac output, renal blood flow and left ventricular stroke work (but not the respective indexes) ( fig. 1 , table 2). Plasma and total blood volumes were expanded, more so when corrected for height (table 3) . However, these volumes were significantly contracted when corrected for body weight. There were no differences in plasma renin activity or in circulating catecholamine levels between lean and obese normotensive subjects (table 3).
Obese Borderline Hypertertensive Patients
Compared with lean borderline hypertensive patients, obese subjects had similar increments of cardiac output, renal blood flow (but not the respective indexes), and an increased left ventricular stroke work. Left ventricular stroke work was highest in obese borderline hypertensive patients ( fig. 1 , table 2). However, total blood volume was expanded and the CBV/TBV was decreased. Circulating norepinephrine levels were lower, but epinephrine, 'dopamine and plasma renin activity were not different (table 3) .
Compared with obese normotensive subjects, obese borderline hypertensive patients' cardiac output and renal flow (and the respective indexes) were similar, but, as expected, their total peripheral resistance index was higher (table 2) . Left ventricular stroke work was slightly higher, but stroke volume was unchanged and there were no differences in plasma volume, total blood volumes and CBV/TBV (table 3) . Circulating epinephrine levels were significantly lower, whereas norepinephrine, dopamine and plasma renin activity were similar (table 3) .
Relation Between Hemodynamic and. Fluid Volume State Total peripheral resistance was inversely correlated with plasma or total blood volume in all subjects (r = -0.52, p < 0.001) ( fig. 1 ). Lean subjects (r -0.46) with high vascular resistance and a contracted intravascular volume had a regression line that was shifted to the left; obese subjects (r = -0.48) had a relatively low peripheral resistance and an expanded volume. Conversely, cardiac output correlated directly with total blood volume in the whole population (r = 0.60, p < 0.001) and obese patients (r = 0.55) were distributed to the right upper part of the panel when compared to lean subjects (r = 0.33). Moreover, central blood volume correlated positively with cardiac output in the lean (r = 0.76, p < 0.001) and obese (r = 0.66, p < 0.001) subjects.
Discussion
Both obesity and borderline hypertension predispose a person to sustained elevation of arterial pressure, and are therefore, to some extent, prehypertensive states. Although both conditions are characterized by an elevated cardiac ouput, the mechanism underlying the hyperdynamic circulation is different (table 4).
Borderline Hypertension in Lean Subjects
Young borderline hypertensive patients who are lean often have a hyperdynamic circulation with a high cardiac output, heart rate and renal blood flow and an inappropriately normal total peripheral resistance.3'4' 18-21 These hemodynamic changes are thought increased ratio of cardiopulmonary to total blood volume was also found in the present population. A centripetal translocation of the intravascular volume implies the active participation of the capacitance vessels, suggesting venous constrictions in such patients with borderline hypertension. How, then, might borderline hypertensive patients with initially a hyperdynamic circulation progress to a stage of persistent arterial blood pressure elevation? As the disease evolves, cardiac output falls toward normal values, peripheral resistance continues to rise and intravascular volume becomes progressively more contracted.21 23 This shift in the hemodynamic profile from a high cardiac output hypertension to a high total pe- ZIUA V777771 ripheral resistance hypertension may be mediated through changes in receptor responsiveness and/or increasing circulating norepinephrine (and possibly declining epinephrine) levels that seem to be, in part, age-dependent. 2l2t26 We have shown that patients with mitral prolapse, whether normotensive or hypertensive, have a hyperdynamic circulation with elevated norepinephrine levels. 27 In the present study, 21 of the 26 lean borderline hypertensive patients presented with clinical or echocardiographic evidence of mitral prolapse. In contrast, none of the obese borderline hypertensive subjects with a similarly elevated cardiac output had findings that were suggestive of mitral prolapse. A hyperresponsiveness to adrenergic stimulation and a high resting adrenergic outflow have recently been confirmed in normotensive subjects with mitral valve prolapse syndrome.28
Obese Normotensive or Borderline Hypertensive Subjects
In contrast to the borderline hypertensive state, obese patients demonstrated elevated cardiac output, which is associated with an expanded intravascular (i.e., plasma and total blood) volume and a normal CBV/TBV ratio. Cardiac output in obesity parallels the expansion of total blood volume, and both seem to reflect the increase in metabolic requirements by additional (adipose tissue) body mass. Regardless of the high cardiac output, young obese subjects may already exhibit impaired left ventricular function (as measured by Vmax). 29 Lesser and Deutsch30 showed that the increment in adipose tissue blood flow occurring with obesity is disproportionately smaller than the amount of adipose tissue mass. Accordingly, perfusion per unit of fat tissue decreased with progressive obesity, reaching 1.3-1.5 ml/100 g in 40% overweight patients.30 A perfusion Value of 1.5/100 g of adipose tissue per minute would correspond to a total adipose blood flow of 0.525 1/min in patients (such as the subjects of our study) that are 35 kg (71%) overweight. However, cardiac output was 1.67 1/min higher in these obese subjects compared with lean ones with similar (normotensive) values of arterial pressure. Therefore, the augmented systemic blood flow produced by obesity cannot be explained by increased requirements due to adipose tissue perfusion. Although part of this discrepancy can be explained by an increase in renal and other nonadipose tissue flows, the increment in cardiac output seems to be somewhat inappropriate with regard to the amount of fat tissue. Hence, the hypothesis originally proposed by Whyte,3' that obesity hypertension can result from a discrepancy of inappropriately increased cardiac output in the presence of a restricted arterial capacity, may have merit.
Adrenergic activity in obese patients seems to be normal, as reflected by heart rate, circulating norepinephrine and epinephrine levels. However, the present data do not provide a clue to whether this is primary or the result of the expanded total blood volume. When normotensive obese patients subsequently progress to borderline hypertension, adrenergic activity and cardiac output remain unchanged and total peripheral resistance increases, without significant contraction of intravascular volume or redistribution.
In summary, obesity and borderline hypertension are characterized by a hyperdynamic circulation with a different underlying mechanism. Thus, although both have a high cardiac output, in lean borderline hypertensive patients, evidence of an increased adrenergic drive with increased norepinephrine levels associated with intravascular volume contraction and cardiopulmonary volume redistribution can be demonstrated. Despite a similarly elevated cardiac output in obese subjects, adrenergic activity seems not to be increased, and total blood volume is expanded, without centripetal redistribution.
SUMMARY The relationship between alcohol consumption and blood pressure was studied in 491 males, ages 20-45 years, who volunteered to complete a health questionnaire and submit to standardized measurements of blood pressure, heart rate and body size. Average weekly alcohol consumption correlated with systolic pressure (r = 0.18) but not diastolic pressure. Systolic pressure increased progressively with increasing alcohol consumption, with no obvious threshold effect. In moderate and heavy drinkers (53% of the population studied), the prevalence of systolic hypertension (D 140 mm Hg) was four times that of teetotalers. The effect of alcohol on systolic blood pressure was independent of the effects of age, obesity, cigarette smoking and physical activity. Ex-heavy drinkers had blood pressures similar to those of teetotalers, suggesting that the effect of alcohol is reversible. Cigarette smokers had lower diastolic pressures than nonsmokers, an effect independent of obesity. The linear correlation between alcohol consumption and systolic blood pressure and the lower blood pressures in exdrinkers suggest a cause-and-effect relationship.
The results indicate that alcohol ranks close to obesity as a potentially preventable cause of hypertension in the community. AN ASSOCIATION between alcohol consumption and hypertension has been found in several studies of general populations. Kannel and Sorlie' and Clark, Chapman and Coulson2 found a modest positive relationship between alcohol consumption and systolic pressure that was independent of weight. Data from the Kaiser Permanente Study,' which involved more than 80,000 persons, showed that men and women who consumed three or more drinks per day (approximately 45 g or more of ethanol) had higher mean systolic blood pressures and a substantially higher prevalence of hypertension. In that population, the association of drinking and blood pressure was independent of age, sex, race, smoking, coffee use, former heavy drinking, educational achievement and adiposity. All three studies found that people who drink one or two drinks per day had approximately the same or slightly lower blood pressures than teetotalers. These studies complement earlier work that suggests an increased prevalence of hypertension in heavy drinkers and alcoholics."7 In the present study we examine further the association between alcohol drinking and blood pressure in an employed population of men. In particular, the relationships between alcohol consumption and factors
